A survey was conducted during the University of Manchester's 2014 'Science Extravaganza', which saw the participation of over 900 Key Stage 3 (ages 11-14) students in a range of interactive demonstrations, all run by active University researchers. The findings of this study suggest that a new approach is necessary in order to use these large science events to actively engage with school students about the career opportunities afforded by science subjects. Recommendations for such an approach are suggested, including the better briefing of researchers, and the invitation of scientists from outside academia to attend and interact with the school students.
young people thought that careers advice from someone working in the STEM field was amongst the most useful that they could receive. Is this because they do not wish to pursue a STEM-related career, or because they do not identify with scientists as people like them, but rather see them as stereotypical caricatures [Buldu, 2006] ? Is there maybe something that could be done outside of a classroom environment, to further educate students about what a science-related career entails and how to pursue one?
As noted by Baram-Tsabari and Yarden [2005, pp. 823] , "school science does not hold a monopoly on the dissemination of scientific knowledge." There are many different environments outside of school in which students can continue to learn about science in a more informal setting, including museums, science centres and zoos [see e.g. Ramey-Gassert, 1997] . Informal learning can be considered to be that which occurs outside of the traditional, formal schooling realm, although as noted by Dierking et al. [2003] , informal science education is not just defined by learning that takes place outside of the classroom, but as something that is self-motivated and guided by the learner's needs and interests.
Large science events often take place in these informal settings (i.e. not in schools), and include science festivals [see e.g. Jensen and Buckley, 2014] , science fairs [see e.g. Martín-Sempere, Garzón-García and Rey-Rocha, 2008] , and public lectures [see e.g. Gregory and Miller, 2000] , many of which have specific events or activities for school children. For example, the Royal Institution Christmas Lectures in the UK have been running since 1825, and are aimed at a mainly teenage audience [Gjersoe and Hood, 2013] , taking place at the Royal Institution in London each year.
Informal science activities have been shown to foster a strong commitment to science and science learning [Tamir, 1991] , with informal learning also being shown to have a strong impact on future academic career choices amongst undergraduate students [see e.g. Salmi, 2003] . Similarly, previous studies have shown that workshops involving informal settings, and aimed at learners aged between 6 and 11 can instil very positive changes to the learners' views of science and scientists [see e.g. Muller et al., 2013] . It is the purpose of this work to determine if a large-scale science event, set in an informal setting and aimed at UK students in years 7, 8 and 9 (ages 11-14) can have a similar effect, by enthusing young people in regards to science-related careers.
The science fair takes place in a large hall, and consists of a number of different stations that are staffed by University of Manchester research staff and students, which are then visited by the school students. The students are encouraged to engage with a large variety of interactive science experiments and demonstrations. In 2014, the activities that were available at these stations covered a wide range of topics and science disciplines, all of which had an interactive element with which to engage the school students. These activities were also designed to teach the school students about an aspect of science, and to provide them with the opportunity to interact with the University's researchers. In total there were over 30 activities, which included making a cloud in a bottle, measuring the speed of aquatic & semi-aquatic animals, and investigating Young's modulus using biscuits.
The 2014 Science Extravaganza event, which saw the participation of over 900 students from the Greater Manchester area, forms the basis of the analysis that is carried out in this study, which aims to assess what effect, if any, the event had on the students involved, in terms of both their perception of science researchers and of science as a potential career aspiration. Prior to the event it was expected that the activities on offer would enthuse the students about science, and that the opportunity to interact with science researchers and university students would encourage them to pursue an active interest in a science career, and also to view these scientists as a useful resource for career information.
Evaluation of the Science Extravaganza was carried out to highlight areas for inclusion and improvement for future years, and to evaluate the impact of the event on the attendees. This evaluation took the form of a series of questionnaires that were distributed during the Science Extravaganza to students and teachers, which asked them the extent to which they agreed with a number of prescribed statements; there was also the opportunity to respond in detail to some more open-ended questions. This study was carried out according to the British Educational Research Association's (BERA) ethical guidelines for educational research. The teacher's verbal consent to the evaluation, on behalf of the minors, was recorded, and no identification information for the minors was collected as part of this study. The questionnaires that were distributed to the students and the teachers are shown in appendix 1 and appendix 2, respectively.
In total, 821 and approximately 80 questionnaires were distributed to students and teachers, respectively. Of these, the students returned 609 questionnaires, and the teachers returned 61. The questionnaires were filled in and collected at the event itself, and whilst the students and teachers were encouraged to fill them in, it was not a prerequisite for attendance. The school students and teachers that were invited to this event were all selected from the database of the University of Manchester's widening participation programme, which is designed to identify and attract the most talented students to Manchester, regardless of their educational background. The schools and teachers were provided with no guidance in terms of which of their students to target for this event.
Results
In 2014, 609 students provided feedback onthe NSEW Science Extravaganza at the University of Manchester. The following responses correspond to the question numbers shown in Figure 1 (in this analysis 'agreed' means that the students either 'strongly agreed' or 'agreed; with the statement):
1. 96% of students agreed that they found out something new about science 2. 82% of students agreed that the event taught them more about the different science and engineering courses you can study at university 3. 46% of students agreed that they were more likely to pursue a career in science as a result of the event 4. 78% of students agreed that at the event they had a chance to speak to a student/researcher about their work 5. 97% of students agreed that the science fair was interesting 6. 87% of students agreed that the workshop was enjoyable 7. 75% of students agreed that the lecture was interesting 8. 68% of students agreed that their perceptions of scientists changed as a result of the event
As can be seen from appendix 1, there were additional questions that were asked to students to further probe their knowledge and experience of universities, but these questions were omitted from this particular analysis. 1. 93% of teachers thought that the event was a valuable experience for most or all of their students 2. 74% of teachers thought that most or all of their students had the opportunity to find out more about the courses and careers related to science and engineering 3. 92% of teachers thought for most or all of their students, the event will have increased their interest in studying science 4. 79% thought that the personal and academic aspirations of most or all of their students were raised
The survey also found that:
-77% of teachers rated the science fair as excellent, 23% rated it as good -54% of teachers rated their workshop as excellent, 31% as good -59% of teachers rated the lecture as excellent, 30% as good Some of the questions that were asked to the students and the teachers also allowed for them to give more detailed, written answers. From these responses word clouds were created, in which an image was composed of the words used, for which the size of each word indicates its frequency. These word clouds are shown in Figure 3 -5, all of which were produced using the web-based application Wordle (www.wordle.net). In the generation of these word clouds all of the words were capitalised, so as to avoid repetition.
In their questionnaire, the students were asked to expand on how the event had changed what they thought about scientists, the results of which can be seen in Figure 3 ; listed below is a selection of the student's responses: The teachers were asked, in their questionnaire, how they intended to take this experience forward with their students back in school, the results of which can be seen in Figure 4 ; listed below is a selection of the teacher's responses:
-Some of the demonstrations fit into our specification perfectly and could be incorporated into the lessons The teachers were also asked which part of the day they thought that their students found the most useful and enjoyable, the results of which can be seen in Figure 5 ; listed below is a selection of the teacher's responses:
-They learnt a lot during the workshop and were very attentive in the lecture -The Science Fair gave them a broad understanding and a hands on opportunity -Science Fair: linked some challenging concepts to their uses in everyday life, students found that interesting -The talk was mesmerising, superbly delivered -Workshop. Very well presented. Challenging and engaging
When asked about how the day as a whole could be improved, the majority of the teachers' suggestions were very practical, and were related to directions, walking between sites, shorter breaks for the students, and the provision of tea and coffee for the teachers.
The positive response to how the event changed the student's perceptions (as evidenced by the prominent 'YES' in Figure 3 ) is likewise reflected in the quantitative data for this study, with 68% of students agreeing that their perceptions of scientists changed as a result of the event. This percentage is probably higher, as some students quantitatively recorded that they disagreed with the statement, but then went on to qualitatively state that their perceptions had indeed changed. It is also worth noting that for many of the students that disagreed with this statement (7% either 'disagreed' or 'strongly disagreed'), their viewpoints remained unchanged but positive (see e.g. last testimonial listed above). Listed The first two responses make it unclear how the student feels about the event, whilst the third, fourth, and fifth responses are more apathetic than specifically negative towards the event. Arguably then, it is only the final response that reflects negatively on the event in terms of changing perceptions of scientists.
Given the positive responses to how the event had changed their perceptions of scientists (Figure 1 and 3) , it would appear counterintuitive that only 46% of the students agreed with the statement that they would be more likely to pursue a career in science as a result of the event. However, given that only 16% of the students disagreed with that statement, and that 38% were undecided, this is also perhaps reflective of the fact that many students in this age range are still indecisive about their future career prospects, with most Key Stage 3 students more likely to be focussed on post-16 choices [see e.g. Hemsley-Brown and Foskett, 1999] .
Research has shown that STEM graduates remain stratified by social origin and ability, and that this sorting takes place during compulsory schooling, in the same way as it does for other high status subjects [Smith and Gorard, 2011] . It is therefore important that students are made aware of potential career choices as early as at Key Stage 3 (Years 7-9), and Key Stage 4 (Years 10-11, i.e. GCSE), when school students still have the opportunity to be selective in their choice of future study (in the UK, students are expected to make some choices regarding their subjects after Key Stage 3, for which science and maths are a compulsory subject; further specialism comes after Key Stage 4, when students determine the A-levels, for which science, maths, and indeed schooling is no longer compulsory)
Despite this muted response regarding the pursuit of a scientific career, the majority of the students agreed that the event had taught them more about the different science and engineering courses at university, and that they also had the chance to speak to a student/researcher about their work. Given that the vast majority of students also reported that the event either positively changed or reinforced their perceptions of scientists, this would suggest that the researchers did a very good job in enthusing students about science and the possibility of studying science at a university, but that they did not make clear the explicit link between studying science and pursuing a scientific career.
Another way in which the event could have succeeded in enthusing students about scientific careers, albeit indirectly, would be for the teachers to use elements of the activities, experiences, and conversations with researchers to address the issue of scientific careers back in the school classroom. Whilst the majority of the teachers did indeed indicate that they planned on using elements of the day's events to reflect and share back at their own schools, the survey suggested that this would mainly be in terms of experiments and demonstrations. The prominence of this approach is reflected by the prevalence of words such as 'USE', 'LESSON(S)' and 'PRACTICALS' in Figure 4 ; in fact there were only three responses that made explicit reference to careers, in terms of what would be practiced back at school:
-Think about careers options -Encourage students with their careers and future pathways -Use it to promote science/engineering interest and career options
In addition, there were the following related comments: "promotion for science A levels", and "encourage pupils to study science." This represents a total of five teachers out of 61 (∼ 8%) that planned on using the experiences of the Science Extravaganza event to promote the further study of science subjects, with an emphasis instead being placed on what could be used to help enhance the teaching and understanding of the science curricula. However, it is important to consider the pressures that are exerted on teachers in terms of what must be covered in the classroom regarding the National Curriculum. As such, teachers providing detailed careers advice to students may not be practical due to restraints on the teachers in terms of both time and resources. Whilst many of the activities that are demonstrated at the science fair can be linked back to aspects of the taught curriculum, it would be necessary for any additional resources relating to careers to also have explicit links to the National Curriculum. For example, packs could be created which detailed the job specifications of a particular scientist, and how they used the science that is taught at Key Stage 3 and 4 in some of their daily tasks. This would have the added bonus of making the science that is taught in school feel more relevant to the children in terms of science-based careers.
As can be seen from Figure 5 , the science fair was well received by the teachers, although the lecture and workshop were also praised for their effectiveness. However, from all of the surveyed responses, only two of the teachers made reference to the opportunity for students to speak to researchers, and the potential implications that this could have regarding career progression:
-The science fair was excellent! A hugely valuable experience for our students to meet and discuss science with grad students and academics -Pupils had the opportunity to speak to undergrads and postgrads about their career path and how they can use science. Would be valuable to come into schools and do this
These results appear to contradict the qualitative data shown in Figure 2 , in which the majority of the surveyed teachers agreed that their students had the opportunity to find out more about the courses and careers related to science and engineering. This would suggest that whilst the teachers acknowledged that their students did have the chance to speak to researchers, this was not seen as being one of the major benefits in attending the event.
Overall, the results of the student survey would seem to indicate that the science fair educated and enthused the school students about science (almost all of them reported that they learnt something new), without educating and enthusing them about scientific careers. This is in agreement with the findings of Kitts [2009] , who note that whilst attempts to increase the numbers of students participating in science have been effective in changing student attitudes about science, they have been less successful in increasing the desire among students to become scientists [Kitts, 2009] . This is further substantiated by the results from the teacher survey, which indicate that this event did not explicitly enthuse them to discuss the role and potential of scientific careers back in the classroom.
In terms of enthusing young people about science careers, it seems clear that a new approach is needed to increase student participation, and that whilst large one-off events such as the Science Extravaganza evidently enthuse young people about science subjects, there needs to be a greater emphasis placed on both the teachers and the researchers to encourage the transition into an enthusiasm for finding out more about scientific careers. As noted by Massi et al. [2012] , there is the potential to follow up on events such as this, to prepare students for and retain students in science pathways.
There is also the issue to consider that even if the researchers had been more successful in enthusing the school students about pursuing a scientific career, the majority of them would be doing so from the frame of reference of becoming an academic or a researcher at a university. In the UK, however, according to the Higher Education Statistics Agency (HESA: https://www.hesa.ac.uk/stats-dlhe), only 20% of science graduate students went on to do further study after their first degree. Similarly, a report by the Royal Society [2010] found that less than half of UK students completing a science PhD stayed in research. There are clearly many science-related careers outside of higher education that can be pursued, which needs to be made clear if large science events like this are to be successful in enthusing students about science careers in general. Indeed, there is the possibility that such events may actually have the reverse effect, if school students are led to believe that becoming an academic is the only scientific career available.
Conclusions
Based on the results of this study, the following are four recommendations for future large, one-off science events in an informal setting, which should help to further enthuse school students about scientific careers:
1. Make sure that the researchers are well briefed, and that they know that as well as explaining their research, they should take the opportunity to talk to the school students about their own career paths, and why they chose them.
2. Prepare some material relating to different scientific careers, which the teachers can take away with them and use back in the classrooms. Crucially, these should be prepared in such a way as to be of benefit to the teacher as well, rather than as an additional, extracurricular demand.
3. Consider inviting a speaker from a scientific, but non-academic background to talk about their own career path, and how they use science in their job.
4. If running a science fair with a number of stalls, think about inviting some scientific companies or recruitment agencies to attend.
This article began by discussing how informal learning could be used to enthuse school students about science-related careers. However, Dierking et al. [2003] define an informal science education to be voluntary, whereas the school students that were involved in the Science Extravaganza did so as part of their taught curriculum. That being said, no guidance was given to the students in terms of what activities they could or could not attend. The event discussed in this article is therefore probably better identified as science learning taking part in a non-formal environment, rather than as an entirely informal experience, such as a student might get by attending a science museum or public lecture of his or her own volition.
Since 2013, some local Manchester primary schools have also been invited to attend the Science Extravaganza. Whilst these students make up a small percentage of the cohort (∼ 9%), and are not included in this study, the following is testimony from a teacher commenting on the 2014 event:
"I'm sure that it has sown the seeds of interest for the future and inspired some of them to look into this field when they are older."
It is the conclusion of this study that such sowing of seeds needs to be made more explicit for future events, and that this can be done by actively encouraging researchers to talk to students about their own career paths, and by providing relevant resources to teachers so that the learning experience can continue in a more formal setting back in the school classroom. pupil questionnaire 
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